Supplementary Information

Supplementary Results
Supplementary Figure 1. Melanopsin photosensitivity assay. (a) Schematic representation of various assays used in this study based on the melanopsin phototransduction mechanism. Melanopsin bound to cis-retinal forms a photopigment. Excitation by ~ 480 nm light source converts the retinal to all-trans retinal and activates Gq, which in turn activates phospholipase-C (PLC). PLC mediates conversion of PIP 2 to IP 3 and diacyl glycerol (DAG). IP 3 triggers calcium release from intracellular stores. (i) The transient increase in cytosolic calcium in melanopsinexpressing CHO cells was measured in a fluorescent plate reader by fluorescence from a calcium-sensitive Fluo-4 based dye which itself has peak excitation ~480 nm. (ii) Photoexcitation of melanopsin ectopically expressed in Xenopus oocytes leads to rise in DAG, which in turn acts upon a co-expressed TrpC3 channel and results in membrane depolarization, which can be measured by whole cell recording. (iii) In the native rat ipRGCs, melanopsin photoactivation generates action potentials and opening of voltage-dependent calcium channels leading to rise in intracellular calcium which can be measured by Fura-2 calcium indicator dye. fluorescence from CHO Opn4 cells pre-incubated for 30 min with increasing concentrations of retinal. Note that light-evoked calcium responses occurred more quickly if 9-cis retinal was provided in the 30 min pre-incubation period, as compared to the acute addition protocol. (d) Difference spectra of purified bovine rhodopsin pre-incubated for 10 min with solvent, 3 μM or 6 μM opsinamide AA92593. After collection of dark spectrum, rhodopsin was light-exposed and another absorption spectrum was collected. Dark-light difference spectra are shown.
Supplementary Figure 3.
Relationship between receptor binding and functional antagonism of opsinamides. (a) Linear correlation between binding affinity and functional antagonism for a series of sulfonamides. Binding affinity was measured by displacement of [ 3 H] 2 -AA41612. pA 2 was calculated by measuring the right-ward shift in the 9-cis retinal concentration response curve caused by a fixed concentration of antagonist (1 or 10 μM) applied after bright light exposure using the FLIPR (see Fig. 2c -/-mice in responses to 5 successive light pulses (0.006, 0.04, 0.25, 1.6 and 10 cd s/m 2 , 250 ms each, separated by 2 min of darkness) were recorded. As expected, both the a and the b waves showed and increased amplitudes and reduction in onset latency with increasing light pulses intensity. The injection of compound 20 min before the first light pulse did not alter any of these 4 ERG parameters (average + SEM, n = 5, P > 0.05, Student's t test) at any of the 5 light intensities tested demonstrating an absence of adverse acute effect of the opsinamide AA92593 on rod or cone functions. (b) Opsinamide did not affect rod/cone photoresponse recovery after photobleaching. Mice electroretinograms (ERGs) in response to identical successive light pulses delivered 5 ansd 15 min after an intense 5 min saturating light exposition were recorded and normalized to a reference ERG recorded in response to a similar light flash delivered just before the bleaching exposure. 5 and 15 min after an extensive 5 min bleaching (e.g. 10 and 20 min after the reference ERG and the injection of the compound or the vehicle), the animals had only partially recovered the positive deflection of the ERG (15 -20% and 25 -30% after 5 and 15 min, respectively). The resulting waves maximum amplitudes and their delays were not different whether the animal was treated with the compound or vehicle alone (average + SEM, n = 5, P > 0.05, Student's t test) showing the absence of adverse effect of the opsinamide AA92593 on rod or cone functions in these conditions. Fig. 4A showed changes in pupil constriction in response to light has three major features which were influenced by the photopigment; constriction speed after the first 2 s, maximum constriction and relaxation rate. (c and d) In rd mice, opsinamides affected the rate of constrictions (c) and relaxation rate (mean constriction 60 s after lights off) (d) in response to light within 30 min of drug administration. As the drug was gradually cleared during the next hour, these response properties also returned to values as in vehicle-treated mice. (e) Average pupil diameter during the first 5 sec in response to bright light (10 13 ph.cm -2 .s -1 ). Dark adapted pupil diameter is normalized to 1. Data reproduced from Fig. 4c . Light pulse begins at t = 0 sec. Note, the initial constriction speed (first ~1 sec), previously shown to be independent of melanopsin, is similar in solvent and compound-treated WT mice. 
Supplementary
Supplementary Movie 3. Evaluation of negative phototaxis in neonatal (P8) Opn4
-/-mouse. The first 2 min of the movie showed the pup's activity inside a plexiglass tube under complete darkness. The next 2 min showed response to bright blue light illuminated from the left (shown as an arrow) end of the plexiglass tube. Movie is sped 4X. 
